INTRODUCTION
Binary systems containing an accreting white dwarf (WD) from a late-type main sequence or sub-giant star are known as Cataclysmic Variable stars (CVs). Thanks to the recent hard X-ray surveys carried out by Swift Burst Alert Telescope (BAT; Barthelmy 2000) and INTEGRAL IBIS (Ubertini et al. 2003) instruments above 20 keV, the number of detected magnetic systems (where B 10 5 G) is rapidly increasing (Barlow et al. 2006; Bernardini et al. 2012 Bernardini et al. , 2013 Bernardini et al. , 2014 . Magnetic CVs are about 20 per ⋆ E-mail: bernardini@nyu.edu cent of all CVs (Ferrario, de Martino & Gänsicke 2015) and they are further divided in two main groups, depending on the degree of synchronization (Prot=ω/P orb=Ω ). The synchronous systems, called polars, are polarised in the optical and near-IR bands revealing WDs with strong magnetic fields (B ∼ 7 − 230 × 10 6 G). These are able to lock the rotation of the WD with the orbital period. Those systems which instead possess an asynchronously rotating WD are called intermediate polars (IPs) and generally do not show optical/nearIR polarisation, suggesting they are weakly magnetised WDs (B ≤ 10 6 G). In magnetic CVs, the accretion flow is magnetically channelled on the WD polar regions. The high field Polars accrete matter directly through a stream c 0000 RAS from the Roche lobe overflowing donor star, while the lower field IPs may accrete through a stream or a truncated disc or ring, depending on their degree of asynchronism and their magnetic moment (Norton, Wynn & Somerscales 2004; Norton et al. 2008) . The the magnetically confined accretion flow approaches supersonic velocities and a strong stand-off shock (∼ 10 − 80 keV) is formed. In the post-shock region matter slows and cools via cyclotron radiation emerging in the optical/near-IR and/or via thermal bremsstrahlung emerging in the X-rays (Aizu 1973; Wu, Chanmugam & Shaviv 1994; Cropper et al. 1999) . The dominant cooling channel primarily depends on the WD magnetic field intensity (Woelk & Beuermann 1996; Fischer & Beuermann 2001) . The post-shock region in the polars mainly cool via cyclotron emission, while IPs are bremmstrhalung dominated systems. The post-shock emission is intercepted and thermalised by the WD surface, and can appear to a far observer as an optically thick, highly absorbed, spectral component emerging in the soft X-ray (∼ 20 − 60 eV) or in the ultraviolet or extreme ultraviolet (UV/EUV).
Magnetic CVs are debated as important contributors of the X-ray luminosity function at low luminosities (10 30 − 10 33 erg/s) as inferred from X-ray surveys of the galactic ridge and bulge (Sazonov et al. 2006; Revnivtsev et al. 2008 Revnivtsev et al. , 2009 Revnivtsev et al. , 2011 Hong et al. 2012; Hong 2012) . The fact that they are about 6% of the galactic hard X-ray sources in the Swift/BAT and INTEGRAL/IBIS surveys (Barlow et al. 2006; Bird et al. 2010; Cusumano et al. 2010; Baumgartner et al. 2013 ) supports this scenarios. IPs represent about 80% of these hard X-ray CVs, and their number is increasing thanks to follow-ups in the X-rays and optical bands (see e.g. Barlow et al. 2006; Anzolin et al. 2009; Bernardini et al. 2012 Bernardini et al. , 2013 . The characterisation of new sources, especially the faint ones, may allow inferring new aspects of the luminosity function, such as a possible large, but still to-bediscovered, population of low-luminosity and short orbital period IPs (see Pretorius & Mukai 2014 ). It will also allow understanding the role played by main source parameters, such as the WD mass, magnetic field intensity, and the mass accretion rate in shaping the evolution of these systems and their X-ray spectral properties. Xrays are the best diagnostic bands to identify the true WD spin period, thus allowing a secure classification. Moreover, new properties, such as the presence of a soft blackbody component and of a ionised (warm) absorber have been recently identified in an increasing number of IPs thanks to the unique capabilities of the XMMNewton satellite (see e.g. Mukai et al. 2001; de Martino et al. 2008; Bernardini et al. 2012) . We here present the first high S/N soft X-ray observations, carried out with XMM-Newton, of Swift J0525.6+2416 (also known as 1RXS J052523.2+241331 and as WISE J052522.84+24133333.6) and IGR J04571+4527 (also known as 1RXS J045707.4+452751 and as Swift J0457.1+4528). Based on the characteristics of its optical spectra, Swift J0525.6+2416 was proposed to be a magnetic CV or a high accretion rate novalike (Torres et al. 2007; Masetti et al. 2012) . Ramsay (2009) reported the possible detection of an eclipse from this source by using optical spectroscopic data. IGR J04571+4527, instead, was first classified as a non-magnetic CV (Masetti et al. 2010) . Later on, the unambiguous detection of a coherent signal at 1218.7 ± 0.5 s in optical photometric data, interpreted as the WD spin period, together with the detection of a spectroscopic period (4.8 h or 6.2 h, one the alias of the other; Thorstensen & Halpern 2013) , provided strong arguments on the IP nature of IGR J04571+4527.
We complement the X-ray study of both sources with simultaneous optical photometry acquired with the Optical Monitor (Mason et al. 2001 ) on board XMM-Newton and for Swift J0525.6+2416 we also include a re-analysis of the optical spectroscopic data presented in Ramsay (2009) (Strüder et al. 2001; Turner et al. 2001) as main instruments. The log of the observations is reported in Table 1. Data were processed using the SAS version 13.0.0 and the latest calibration files (CCF) available on October 2014.
The EPIC data
We extracted the source photons from a circular region with a radius of 40 arcsec, centered at the source position. Background photons were taken from a nearby empty region of the sky, with a radius of 70 (PN) and 140 (MOSs) arcsec. For Swift J0525.6+2416 we used the whole data set for both the spectral and the timing analysis (the high background contamination is only a small fraction of the source flux). In the case of IGR J04571+4527, the high background epoch is mainly concentrated at the end of the pointing, consequently we removed this part of the observation. For the timing analysis, instead, we used the whole data set. We produced background-subtracted light curves in the ranges 0.3−12 keV, 0.3−2 keV, 2−3 keV, 3−5 keV and 5−12 keV (for Swift J0525.6+2416 we also used the 0.3 − 1 and 1 − 3 keV range). The event arrival times were corrected to Solar system barycentre by using the task BARYCEN. To study spectral variability with the source rotation we extracted the EPIC spectra at pulse maximum and minimum.
The EPIC spectra were rebinned before fitting with the tool SPECGROUP in order to have a minimum of 50 (PN) and 25 (MOS) counts each bin. The spectral fit were made with XSPEC version 12.8.2. The sources are too faint for a use of the RGS spectra.
The Optical Monitor photometry
We run the task OMFCHAIN to produce the B-band light curves. However, due to offset coordinates, the pointing to IGR J04571+4527 had the fast window centred on a different star. Thus, no fast timing on this source is available, but magnitudes were obtained from the 2-D images that are acquired along each of the ten ∼3200 s long segments. In these images IGR J04571+4527 is stable at an average magnitude B= 18.35 ± 0.03 corresponding to a flux of 3×10 −16 erg cm −2 s −1 Å −1 . It is 1.6 times fainter than when observed in 2009 by Masetti et al. (2010) and at about the same level than when observed in 2010 by Thorstensen & Halpern (2013) . Swift J0525.6+2416 has an average magnitude B= 17. 
The optical spectroscopy of Swift J0525.6+2416
Spectroscopic observations of SWIFT J0525+2413 were obtained using the 4.2m William Herschel Telescope (WHT) equipped with the Intermediate dispersion Spectrograph and Imaging System (ISIS) on La Palma. Four spectra, each with an exposure time of 240 sec, were taken consecutively on the night of 2008 Oct 6. The cadence was ∼9 min with a start-to-end duration of ∼32 min. Conditions on the night were clear, but with variable seeing. We used the R300B (∼3500-5300 Å) and R158R (∼5700-10000 Å) gratings together with a 0.8 arcsec slit. A fit to the arc lines gave σ =1.9 and σ =2.2 Å for the blue and red spectra, respectively. The data were reduced using the STARLINK 1 FIGARO package. The wavelength calibration was obtained using CuAr+CuNe arc lamp exposures taken before the series of spectra on the target. Observations of the spectroscopic standard He3 were used to remove the instrumental response. Due to the variable seeing during the night some flux could have been lost and therefore we did not calibrate the absolute flux scale.
The Swift observations
Both sources are catalogued in the 70 month Swift/BAT source catalogue (Baumgartner et al. 2013) . We downloaded the archival eight-channel spectra of the two sources and the response matrix files that are directly available at http://swift.gsfc.nasa.gov/results/bs70mon/. Due to the low S/N of the BAT spectra above 70k eV we limited the analysis of the broad-band spectra up to this energy.
RESULTS

IGR J04571+4527
The X-ray and optical timing analysis
The 0.3-12 keV PN background subtracted light curve shows a factor of ∼ 2.5 variability on timescales of tens of minutes through all the pointing. There is no evidence for long term variability associated with the optical 5-6 h orbital period. The power spectrum of the combined PN plus MOSs 0.3-12 keV light curve shows a peak at ∼ 8 × 10 −4 Hz (see Fig. 1 ). The exact period of the main peak was determined by means of a phase-fitting technique (see Dall'Osso et al. 2003 , for more details on this technique), and it is P X = 1222.6 ± 2.7 s. All uncertainties are hereafter at 1σ confidence level. This is consistent within 1.5 sigma with the optical period reported by Thorstensen & Halpern (2013) . We do not detect significant power at higher harmonics. To further test that the period is the true spin period of the WD, we folded the light curve at twice the 1222.6 value without finding changes in the pulse in two consecutive cycles. We conclude that 1222.6 is the period of the fundamental harmonic and thus it is the WD spin period.
We also searched for variations of the phase of the spin period with time and found a sinusoidal trend (see Fig. 1 ). We infer a period of 7.9±
1.6 0.9 h, consistent within 2σ with the longest (6.2 h) spectroscopic period found by Thorstensen & Halpern (2013) . We stress that this period is consistent with the total duration of the pointing and that one phase-bin does not lie on the sinusoidal trend (we did not include it in the fit).
We also studied the dependence of the pulses with the energy interval by folding the background subtracted light curves at the more accurate period found by period found by Thorstensen & Halpern (2013) , 1218.7 ± 0.5 s. A sinusoidal fit to the 0.3-12 keV folded light curve gives a pulsed fraction (PF) of 10.0 ± 0.5 per cent. Here the PF is defined as: P F = (Amax − Amin)/(Amax + Amin), where Amax and Amin are the maximum and minimum value of the sinusoid, respectively. In Fig. 1 we show the 0.3-12 keV pulse profile. We found that the PF slightly decreases with the energy interval: P F0.3−2 = 12.0±0.8 per cent, P F2−3 = 11.0 ± 1.2 per cent, P F3−5 = 9.8 ± 1.2 per cent, and P F5−12 = 7.3 ± 1.3 per cent. We also inspected the phase dependence of hardness ratios but did not find any significant variations.
The X-ray spectral analysis
A single thermal model does not fit adequately the broad-band (0.3-70 keV) average spectrum. Instead, we found a satisfying spectral fit by using a model composed by the sum of two MEKAL (multi-temperature optically thin plasma) and a Gaussian at 6.4 keV, accounting for the fluorescent iron line. The spectral model also requires a complex absorption, made by a total PHABS plus a partial covering PCFABS absorptions, as frequently found in mag- netic CVs (see e.g. Bernardini et al. 2012) . The use of a partial absorber is dictated by the slight increase of PF at lower energies, suggestive of localised absorbing material. The results of the spectral fit are reported in Tab. 2 and shown in Fig. 2 . The hydrogen column density of the total absorber is lower than the total galactic column density in the direction of the source (5.4 − 6.5 × 10 21 cm −2 , Dickey & Lockman 1990; Kalberla et al. 2005) , indicating an interstellar origin. The NH of the partial (32 percent) covering absorber is about an order o magnitude larger, suggesting that it has a local origin. The spectral fit indicates that the post-shock flow is dominated by rather high temperatures, without requiring a low-temperature plasma component (see Bernardini et al. 2012 , and Sect. 3.2 of this work). We notice that a soft BB component is not required by the fits. We also fitted the broad-band spectrum with the model developed by Suleimanov, Revnivtsev & Ritter (2005) , which takes into account both temperature and gravity gradients within the post-shock region. This more physical model, implemented in Xspec, allows a more reliable estimate of the shock temperature and thus the WD mass. To avoid the effects of the complex absorption we fitted the spectrum above 3 keV only and added two Gaussians lines that take into account the fluorescent iron line and the thermal complex. We derive MWD = 1.12 ± 0.06 M⊙ (χ 2 ν = 1.13, 215 d.o.f.). This value is slightly larger but consistent, within uncertainty, with that derived using the hot MEKAL temperature (1.03 ± 0.05 0.20 M⊙). The spectra at pulse minimum (φ = 0.12 − 0.37) and maximum (φ = 0.60 − 0.90) were fitted using using the spectral model reported in Tab 2, fixing the interstellar absorption and the abundance at their best fitting average value. We also fixed the hot MEKAL temperature to the average value, as it resulted to be unconstrained. This is not surprising given the weak PF at high energies. We get χ for the pulse maximum and minimum respectively. While all other parameters are constant within statistical uncertainties and consistent with the values found for the average spectrum, the only two parameters that change at maximum and minimum of the pulse are the NH of the partial covering absorber and the normalisation of the cold MEKAL. The former is 10 ± 3 × 10 22 cm −2 at minimum, whilst it decreases to 4.7 ± 0.8 × 10 22 cm −2 at maximum. The lat- ter instead is 2.0 ± 0.1 × 10 −3 at pulse maximum, while decreases to 0.7 ± 0.3 × 10 −3 at minimum.
Swift J0525.6+2416
The X-ray and optical timing analysis
We first visually inspected both the optical B band and the 0.3-12 keV PN background subtracted light curves using a small binning sample (10 s) to check for sign of the eclipse reported in Ramsay (2009) and we did not find any. While the X-ray light curve is showing short term variability, the B band one is almost flat with an average count rate of 4.8 c/s. The power spectrum of the combined PN plus MOSs 0.3-12 keV light curve shows a narrow peak at ∼ 4.5 × 10 −3 Hz (see Fig. 3 , central panel) with indication of a weaker harmonic at ∼ 9 × 10 −3 Hz. The period of the main peak, determined with the phase-fitting technique, is P X = 226.28 ± 0.07 s. This is the first detection of a coherent signal from this source. There is no sign of orbital variability in the evolution of the phase of the main peak with time. Also in this case we checked that the 226.3 s period is the fundamental. We also do not find any long term trend (> 300 s) in the X-ray light curve. Thus, we conclude that the spin period of the source is 226.3 s, and there is no evidence of eclipses.
The PF of the 0.3-12 keV light curve for the fundamental and first harmonic is 6.3 ± 0.5 per cent and 3.1 ± 0.5 per cent, respectively. In Fig. 3 we show the pulse profile for the 0.3-12 keV interval. The PF slightly decreases as a function of the energy: P F1−2 = 10.3 ± 1.1 per cent, P F2−3 = 4.6 ± 1.6 per cent, P F3−5 = 4.7 ± 1.4 per cent, and P F5−12 = 5.4 ± 1.4 per cent. We did not include the 0.3-1 keV interval because of the low S/N. We also did not find any variation of the hardness ratios with phase.
The X-ray spectral analysis
The broad-band 0.3-70 keV spectrum requires more than one thermal component. We first used a model composed by the sum of two MEKAL and a Gaussian fixed at 6.4 keV absorbed by a total PHABS plus a partial covering PCFABS absorber. We found residuals (in excess with respect to the model) at low energy around 0.55-0.65 keV, where OVIII and OVII lines are expected, respectively. We obtained a better fit by substituting the two MEKAL components with two VMEKAL, where the abundance of the different elements can be individually controlled. We left the oxygen abundance free to vary, linking the abundances of all other elements to a single, global, value and and found AO = 0.14 ± 0.05 compared to the Solar value. The abundances of elements other than oxygen, were found to be AZ = 0.52 ± 0.20 2 . Summarizing, the MEKAL model predicts an overabundance of oxygen, this problem is resolved using the VMEKAL model that suggests a subsolar oxygen abundance. We also notice that a soft BB component is not required by the fits. The χ 2 ν is not satisfactory (1.29 for 395 d.o.f.), although this can happen when dealing with PN and/or MOS data (see e.g. Bernardini et al. 2012 ) for this kind of sources. We have tried several alternative models but none resulted in an improved χ 2 ν . The results of the spectral fit are reported in Tab. 3 and shown in Fig. 2 . We notice that the hydrogen column density of the total absorber is lower than the total galactic column density in the direction of the source (3.2 − 3.8 × 10 21 cm 2 Dickey & Lockman 1990; Kalberla et al. 2005) . The temperature of the cool MEKAL is similar to those found in other IPs (see Bernardini et al. 2012) . The WD mass derived with The spectrum at pulse minimum (φ = 0.45 − 0.69) and maximum (φ = 0.85−1.05) were fitted with the model presented in Tab. 3, fixing the interstellar absorption and the abundance at their best fitting average value. We also fixed the hot VMEKAL temperature to the average value, as it resulted to be unconstrained. We obtain χ 2 ν = 1.15, 282 d.o.f. and χ 2 ν = 1.12, 289 d.o.f. for the pulse maximum and minimum, respectively. We found that the the density of the localized absorber is slightly lower at pulse minimum than at maximum, 14.6±2.0×10
22 cm −2 with respect to 25.8±4.0×10 22 cm −2 , and that the normalisation of the hot VMEKAL is slightly higher at pulse maximum than minimum, 0.0164 ± 0.0005 with respect to 0.0092 ± 0.0003. The cold VMEKAL parameters and the covering fraction are found consistent, within uncertainties, with their average values.
Optical spectroscopy
Ramsay (2009) reported that three of the four WHT spectra show Balmer series and HeII (4686 Å) in emission. The second spectrum Table 3 . Swift J0525.6+2416 spectral parameters for the best fitting model. We report the absorbed/(unabsorbed) 0.3 − 10 keV flux (F 0.3−10 ) together with the 10 − 100 keV flux (F 10−100 10 −11 erg cm −2 s −1 1.13 ± 0.02 (∼ 1.9) F 10−100 10 −11 erg cm −2 s −1 1.9 ± 0.2 χ 2 ν (dof) 1.29 (395) a Relative abundances from Wilms, Allen & McCray (2000) . b Gaussian energy fixed at 6.4 keV.
instead was much redder with no sign of emission lines, suggesting an eclipse of the source. We investigated this in more details and found that the second spectrum was offset in the spatial direction by ∼4 pixels compared to the other three. It is likely that the telescope tracking was incorrect and thus another star, 4 ′′ away from the target, entered in the slit. This star is not recorded in the USNO A2 or 2MASS catalogues, but is detected in the WISE images and has a similar brightness to Swift J0525.6+2416. This would explain the redder spectra and the absence of the emission lines. Thus, we conclude that Swift J0525.6+2416 is not an eclipsing system.
We also searched for radial velocity variations in the emission lines. Over the duration of 32 min, Hα was found to vary between -163 and -212 km/s (±15 km/s), giving marginal evidence of a radial velocity shift. The spectrum shows evidence of interstellar reddening with diffuse interstellar bands (DIBs, see Fig. 4 ) at 6283 Å and possibly at 5780 Å. We then used the combined spectrum to measure the equivalent width of the DIB feature at 6283 Å as 1.0±0.1 Å implying a colour excess EB−V in the range 0.39-1.31 using the relationship of Cordiner et al. (2011) . From the hydrogen column density of the total absorber derived from the X-ray spectral fits we derive E(B-V)= 0.44±0.04 using NH /E(B-V)= 6.8×10 21 (Ryter, Cesarsky & Audouze 1975) . We assume the latter one as the source colour excess.
The optical counterpart is also reported in the 2MASS catalogue as 2MASSJ05252270+2413332 with J= 14.65 ± 0.07, H= 14.16 ± 0.08, and K= 14.01 ± 0.04 magnitudes. It is also detected at longer wavelengths by the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) as J052522.84+24133333.6 with W1 (3.4µ) = 13.62 ± 0.05 and W2 (4.6µ) = 13.49 ± 0.06. The 2MASS J-H and H-K colour indexes corrected for intervening interstellar absorption are compatible with those of main sequence stars with spectral types in the ranges G8-K3 and G7-M1, respectively (Straižys & Lazauskaitė 2009 ). The WISE colours (W1 -W2)= 0.13±0.08 that can be considered free from intervening absorption imply a colour temperature of 4000±200 K compatible with a donor star in the range K5-M0. However, we must note that the accretion disc even in the nIR could mimic a late-type stars with different colours. Therefore, only a lower limit to the distance of about 600 pc can be given, assuming that the 2MASS K band absolute magnitude is that of a M1 star with MK = 4.93 (Knigge 2006) .
CONCLUSIONS
IGR J04571+4527 shows a coherent X-ray signal with a period of 1222.6 ± 2.7 s, consistent with that found at optical wavelengths, confirming it as the WD spin period of the accreting WD. We found indication of an orbital modulation of about 8 h, which is close to the longer (6.2 h) period found in optical spectroscopy (Thorstensen & Halpern 2013) . The X-ray spectrum is well fitted with a multi-temperature optically thin emission with complex absorption as frequently found in magnetic CVs (e.g. Bernardini et al. 2012) . We conclude that IGR J04571+4527 is an IP. Spectral changes with respect to the spin rotation of the WD indicates that the absorption originates from material in the pre-shock flow. The spin pulses are consistent with the generally accepted accretioncurtain geometry, where material flows towards the WD poles in an arc-shaped curtain (Rosen, Mason & Cordova 1988) . When the primary pole points towards the observer the optical depth of the inflowing material above the shock is larger producing an X-ray flux minimum. We note that Thorstensen & Halpern (2013) estimate a high interstellar reddening for this source, E(B-V)∼1.0, which implies NH ∼ 6.8 × 10 21 cm −2 . They suggested that this source is located farther than 500 pc as initially proposed by Masetti et al. (2010) . The value we found for NH is a factor 2 lower and seems to favour the initial distance estimate of Masetti et al. (2010) . We derive a massive WD of 1.12 M⊙, which is at the high end of CV WD masses (see e.g. Ferrario, de Martino & Gänsicke 2015) . Swift J0525.6+2416 shows a coherent X-ray signal at 226.28 s that we identify as the WD spin period. Thus also this source is a CV of the IP type. There is no evidence for orbital variability in both the X-ray and optical XMM-Newton light curves. From a re-analysis of previous optical spectra we do not confirm the presence of an eclipse. Further optical investigation is encouraged to constrain the orbital period. The broad band X-ray spectrum of Swift J0525.6+2416 can be fitted with a multi-temperature optically thin emission with complex absorption. Also in this source we find that the spin pulses are mainly due to photoelectric absorption originating in the pre-shock accretion flow, which is consistent with the accretion-curtain scenario. We found an indication of a subsolar abundance of oxygen. We derive a rather massive WD of 1.0 M⊙. Although most hard X-ray IPs have been found to possess WD masses not so different from those of other CVs, this two new members appear instead to harbour rather heavy primaries.
